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(57) Abstract 

A tablet for the controlled release of an active pharmaceutical ingredient. The tablet comprises a core having a donut-like configuration 
with a cylindrical hole extending through the center of the core. The core of the body comprises at least one active pharmaceutical agent 
and at least one hydrophilic, water-soluble, polymeric carrier. The core is coated with a hydrophobic, water-insoluble material covering all 
of the core except that which is defined by the cylindrical hole. Also included is a method of preparing a tablet for the controlled release 
of an active ingredient. The method comprises the steps of blending an active pharmaceutical ingredient, a water-soluble hydrophilic, 
polymeric carrier, and optionally an excipient, to form a mix; compressing the mix; punching a tablet from the mix; coating the tablet in a 
water insoluble, hydrophobic coating, then drilling a hole through the coated tablet. A second embodiment of this method includes drilling 
a first hole through the tablet before coating the tablet, placing a rod through the first hole, dipping the tablet into the coating, and then 
removing the rod and drilling a second hole in the tablet which is larger than the first hole. 
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COATED DONUT-SHAPED TABLETS WITH LONG-TERM PARABOLIC 
AND ZERO-ORDER RELEASE KINETICS 

FIELD OF INVENTION 

This invention relates generally to drug releasing tablets. More 
specifically, this invention relates to tablets for delivering water-soluble drugs over a long 
period of time at a nearly constant rate. 

BACKGROUND OF THE INVENTION 

A well known practice for storing, and later delivering, an active ingredient 
involves forming the matter into compact tablets from which the matter can later be 
dissociated or released. One such use involves drug delivery where the drug is 
administered orally (or otherwise) into an organic system. Particularly, diffusion- 
controlled matrix devices have received a great deal of attention for drug delivery systems 
in past years. One approach has been to use insoluble porous disc matrices, in which the 
drug is loaded into the matrix to an amount greater than its solubility limit in the 
dissolution medium. It has been found, however, that the rate of solute diffusion out of 
these tablets is not consistent over time. Often, the diffusion rate changes with the square 
root of time. In such cases, the amount of drug available at a biologic site of absorption 
decreases quickly as a function of time if the absorption rate is greater than the drug 
release from the matrix, as it often is with the systems of the past. 

This problem is significant in view of the fact that it is often desirable to 
have a steady rate of drug delivery. More specifically, a parabolic or zero order release 
kinetic is often desirable where drug delivery is desired to be constant over a given time 
period. 

With much of the prior art, as the dissolution occurs, the surface area (i.e. 
the interface), between the solvent and active agent changes with time. If this dissolution 
begins at the outside surface of a tablet, as dissolution progresses the surface area between 
the active agent and the solvent decreases. Where a coated tablet has been drilled with a 
hole to allow solvent and active agent to interface beginning in the area where the hole 
was drilled, the surface area between the solvent and the active agent increases with time 
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and thus the rate of dissolution increases with time. These problems continue to be the 
focus of attempts to achieve constant, or near constant, release of active agents into an 
organic body over time. 

Simple monolithic tablets for extended release dosages have been fabricated 
by compressing a mixture of a water-insoluble polymer, a drug, and excipients. Such 
tablets may yield first-order kinetics or square-root-of-time kinetics. An inherent 
limitation of this type of monolithic matrix is the increase in diffusional length resistance 
over time due to the insolubility of the polymer. 

SUMMARY OF INVENTION 

The present invention provides a tablet for the controlled release of an 
active ingredient. The tablet comprises a body having a donut-like configuration with a 
cylindrical hole extending coaxially through the center of the body. The core material of 
the body comprises at least one active pharmaceutical agent and at least one hydrophilic, 
water-soluble, polymeric carrier. The core material is coated with a hydrophobic, water- 
insoluble material covering all of the core material except that which is defined by the 
cylindrical hole. 

Also included in the present invention is a method of preparing a tablet for 
the controlled release of an active ingredient. The method comprises the steps of mixing 
an active pharmaceutical ingredient, a hydrophilic, water soluble, polymeric carrier, and 
optionally an excipient; compressing the mix; punching a tablet from the mix; coating the 
tablet, and drilling a hole in the center of the tablet. 

A second embodiment of the method includes the extra steps of drilling a 
first hole through the tablet before it is coated, coating the drilled tablet, and then drilling 
the tablet a second time with a hole larger than the first drilled hole. This method allows 
the tablet to be placed onto a rod (through the first hole), and inserted into the coating 
material during the coating process. The second drilling is performed to insure that the 
inner exposed area is clear of all coating. 
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BRIEF DESCRIPTION OF THE DRAWING 

The invention is best understood from the following detailed description 
when read in connection with the accompanying drawing wherein: 

FIG. 1 is a partial section view of a device according to the present 

invention; 

FIG. 2 is a graph illustrating fractional release of active ingredient versus 
time for differing active ingredient loading amounts given as percentages of overall core 
material; 

FIG. 3 is a graph illustrating fractional release of active ingredient versus 
time for differing active ingredient loading amounts given as percentages of overall core 
material; 

FIG. 4 is a graph illustrating fractional release of active ingredient versus 
time for differing active ingredients in combination with differing polymers; 

FIG. 5 is a graph illustrating fractional release of active ingredient versus 
time for differing polymers and for tablets having different hole sizes; 

FIG. 6 is a graph illustrating fractional release of active ingredient for 
differing polymers and for differing mixing rates; 

FIG. 7 is a graph illustrating fractional release of different drugs, in 
varying fractional amounts, versus time; and 

FIG. 8 is a graph illustrating fractional release of different drugs, in 
varying fractional amounts, versus time. 

DETAILED DESCRIPTION OF INVENTION 

This invention provides a controlled-release tablet and a method for its 
preparation. The tablet of this invention achieves nearly linear (zero-order), or parabolic 
release kinetics for delivering water-soluble drugs over a long period of time at a nearly 
constant rate. The device comprises a body having a donut-like configuration with a 
cylindrical hole extending coaxially through the center of the body. The core material of 
the body comprises at least one active pharmaceutical agent and at least one hydrophilic, 
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water-soluble, polymeric carrier. The core material is coated with a hydrophobic, water- 
insoluble material covering all of the core material except that which is defined by the 
cylindrical hole. 

FIG. 1 is a partial section view of a device according to the present 
invention. Hole 110 extends through the center of the tablet. The core region 112 is 
comprised of an active pharmaceutical ingredient, a water soluble, hydrophilic, polymeric 
carrier, and, optionally, an excipient. Hydrophobic, water insoluble coating 114 is 
present everywhere on the outside surface of core region 112 except that surface of the 
core region 112 exposed to the hole 110. 

Also included in the present invention is a method of preparing the device 
for the controlled release of an active ingredient. The method comprises the steps of 
blending an active pharmaceutical ingredient and a water soluble, hydrophilic, polymeric 
carrier to form a mix; optionally adding an excipient; compressing the mix; punching a 
tablet from the mix; coating the tablet in a hydrophobic, water-insoluble material; and 
drilling a hole in the tablet. 

A second embodiment of this method includes the additional steps of 
drilling a first hole through the tablet before it is coated, coating the drilled tablet, and 
then drilling the tablet a second time with a hole larger than the first drilled hole. This 
method allows the tablet to be placed on a rod (through the first drilled hole) and inserted 
into the coating material during the coating process. After coating, the rod is removed 
and the second drilling is performed to insure that the inner exposed area is clear of all 
coating material. 

The experimental results discussed below demonstrate that erosion 
controlled, and swelling/erosion controlled, systems can provide zero-order release dosage 
forms provided a constant surface area for release is maintained during drug release. 
Hydrophilic, water-soluble, polymeric carriers having erosion controlled or 
swelling/erosion controlled properties generally furnish a short release time. Despite that 
fact, by constricting the surface area available for release, one can extend the release time 
while maintaining the erosion controlled, or swelling/erosion controlled, properties. 
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For purposes of this invention, "erosion" of the hydrophilic material is the 
same physical process as "dissolution" of the hydrophilic material into the solvent. 
Generally, however, in the interest of clarity with respect to discussion of this invention, 
the hydrophilic materials will "erode" out of the tablet and the drug will "dissolve" into 
the solvent. 

An "erosion controlled" system is one in which the most significant factor 
on the overall release kinetics is the rate of erosion of the carrier out of the core. Some 
hydrophilic materials swell before eroding, and some even swell while eroding. In these 
two cases, overall release kinetics will be described as being swelling/erosion controlled. 
That is to say, in swelling/erosion controlled cases, the most significant factor on the 
overall release kinetics is the rate of swelling and erosion (taken together) of the 
hydrophilic material as it leaves the core of the device. 

In general, for a tablet of given size, drug release is governed by both the 
dissolution of the drug and the erosion and/or swelling of the hydrophilic, polymeric 
carrier. At high drug loading, there is relatively less hydrophilic, polymeric carrier 
present than in the case of low drug loading. Thus, in the case of a high-drug loaded 
tablet, erosion and/or swelling effects of the hydrophilic, polymeric carrier have less of an 
impact than in the case of the low-drug loaded tablet where relatively more of the 
hydrophilic, polymeric carrier is present. This fact can be exploited, as it is in the present 
invention, to develop drug-release tablets which achieve the desired drug release rates. 

Water soluble, hydrophilic, polymeric carriers referenced in regard to this 
invention are those which dissolve completely in water at 25 °C within 24 hours. More 
particularly, those hydrophilic, polymeric carriers which are used herein as the 
hydrophilic, water-soluble component in the core material are those which, beginning as a 
flat, 500 mg tablet having an 11 mm diameter (and no hole), visibly completely dissolve 
in water at 25 °C within 24 hours of being placed in the water. 

Experimental procedures and the results of experiments performed 
according to those procedures are discussed below. The following table displays the 
materials used and, in some cases, select characteristics of the material. 
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Material 


Particular Characteristics 


Supplier 


E3* Hydroxypropylmethyl- 
cellulose 


XT / A 

N/A 


Dow Chemical (Ann 
Arbor, MI) 


E5* Hydroxypropylmethyl- 
cellulose 


N/A 


Dow Chemical (Ann 
Arbor, MI) 


E 1 5 *Hydroxypropy Imethy 1- 
cellulose 


N/A 


Dow Chemical (Ann 
Arbor, MI) 


Polyethylene Oxide 


MW= 100,000; 200,000 
and inn non 


Union Carbide Corp. 

(Summit NJ^ 

tin mil l, kyj j 


Polyethylene Oxide 


MW= 100,000; 200,000 
and 300,000 


Aldrich Chemical 
(Milwaukee, WI) 


Polyethylene Glycol 


MW =8,000 


Union Carbide Corp. 
(Summit, NJ) 


Hydroxypropyl cellulose 
99-EXF NF 


MW= 80,000 


Hercules, Inc. 
(Wilmington, DE) 


Ethylcellulose 


Viscosity = 22 centipoise 
in 5% 80/20 tolune/ethanol 
solution 


Aldrich Chemical 
(Milwaukee, WI) 


Theophylline 


N/A 


T T 11 A ft J * _ 1_ 

Knoll AG (Ludwigshafen, 
Germany) 


Magnesium Stearate 


N/A 


Amend Chemical 
(Irvington, NJ) 


Nicardipine HC1 


N/A 


Sigma Chemical (St. Louis, 
MO) 


Diltiazem HC1 


N/A 


Sigma Chemical (St. Louis, 
MO) 



♦These are Dow Chemical names which indicate that the viscosity for each polymer in a 



2% aqueous solution at 20°C is 3, 5, and 15 centipoise, respectively. 

Preparation of Tablets 

First, the coated, donut-shaped tablets were prepared. A drug (or drug 
5 substitute, for purposes of experimentation and calculation of diffusion rate), a hydrophilic 
polymer, and magnesium stearate (1 % by weight; in this experiment, the total tablet was 
600 mg) were blended in a mortar and compressed to form cores using a Carver press 
(Carver, Inc., Wabash, IN) under a 6000 lbf compression force. A tablet punch was then 
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used on the cores to produce a tablet with a flat surface having a diameter of 12.6 mm 
(0.496 inches). A first central hole (3/32") was bored with a high speed drill bit. 

The tablets were then coated by inserting a glass rod in the hole (3/32") 
and dipping and rolling the cores in an ethylcellulose/dichloroethane solution (5% by 
weight ethylcellulose). After coating and drying, the hole size (3/32") of the coated, 
donut-shaped tablet was enlarged to a second size by a high speed drill bit. The final size 
of the hole in these experiments was either 1/8 inch or 3/16 inch. The particular hole size 
is indicated in the discussion below. As a general matter, hole size can range anywhere 
within 1/32 inch and 1/2 inch, depending on performance requirements, and one skilled in 
the art could readily determine the appropriate diameter. 

Testing Procedure 

In-vitro release of the drug component of the core material from the coated, 
donut-shaped tablets was carried out by dissolving each tablet and measuring diffusion of 
the drug into a solvent. Here, each tablet obtained pursuant to the above defined 
procedure was dissolved in a solvent using the USP paddle procedure on a VanKel 8000 
dissolution apparatus in distilled/de-ionized water at 37°C. The stirring rate was 100 
rpm, unless otherwise noted. Diltiazem. HQ, theophylline, and nicardipine HC1 were 
chosen as model drugs. The release of diltiazem HC1, theophylline, and nicardipine HC1 
was monitored by an HP8252A diode-array spectrophotometer at 268 nm, 244 nm, and 
360 nm, respectively. 

Results and Discussion 

FIG. 2 shows the effect of drug loading on the release of diltiazem HC1 
(solubility in water: 50%) from coated, donut-shaped tablets according to the present 
invention using HPMC E3 and E5 with a 3/16" hole. Coated, donut-shaped tablets 
(HPMC E5) with 39% by weight drug loading achieve the release of the drug at a 
constant rate up to 18 hours before leveling off to completion with litde tailing. 

"Tailing" refers to the asymptotic character of drug release as the drug is 
nearly completely gone from the source. In other words, the last small percentage of drug 
often takes a very long time to diffuse out of the matrix with respect to the first majority 
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of drug released. Long tailing means the asymptotic value is approached slowly with 
respect to a short tailing release where the asymptotic value is reached relatively quickly. 

As illustrated in FIG. 2, there is no significant difference in drug release 
kinetics of the coated, donut-shaped tablets with a drug loading of 39%, 20%, and 10% 

5 by weight. For drug loadings greater than 39% by weight, the release of the drug 
becomes faster as drug loading increases. It appears that release profiles become 
parabolic at high drug loadings (59% and 49% by weight). At high loading, drug release 
is governed by the dissolution of the drug or a combination of drug dissolution and 
polymer erosion. However, as drug loading decreases, release kinetics become linear due 

10 to a change of the controlling mechanism of drug release from the coated, donut-shaped 
tablets. For a drug loading level of less than 45% by weight, drug release is governed 
primarily by the erosion of HPMC E5. The diffusion of a freely water soluble drug 
(diltiazem HC1) from this matrix, however, significantly contributed to the overall release 
kinetics. Thus, overall, substantially linear release kinetics are observed, as shown in 

15 FIG. 2. This is especially so for drug loadings at or below 39%, out to about 1000 
minutes (16 hours and 40 minutes), where some tailing begins. 

In most cases when zero-order release kinetics from monolithic matrix 
systems are desired, drug diffusion in a matrix is a disadvantage. However, drug 
diffusion in the matrix turns into an advantage in the case of coated, donut-shaped tablets 
20 for achieving zero-order release kinetics. The release of diltiazem HC1 from coated, 

donut-shaped tablets based on HPMC E3, as presented in FIG. 3, shows parabolic profiles 
for drug loadings of 10% to 39% by weight because drug release is controlled by the 
erosion of the carrier. 

The parabolic release kinetics from coated, donut-shaped tablets can be 
25 expressed by a heterogeneous erosion mechanism if the hydrophilic, water-soluble 

material is highly erodible. The drug release rate at time / from a coated, donut-shaped 
tablet, having an outer radius r<>, a central hole radius a, a tablet thickness L, and an initial 
drug concentration G>, is expressed by: 

^= InkerL (1) 
dt 
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where Mi is the amount of drug released at time r, ke the erosion rate 
constant, and r the radius of the tablet at time r. The time dependent change of the tablet 
radius can be expressed by 

ke 

r=a+—t (2) 

Co 

5 Integrating equation (1) following substitution of equation (2) yields: 

Mj- S> (3) 

where M„ is the total amount of drug in the tablet. Release profiles of 59% and 49% by 
weight drug loaded coated, donut-shaped tablets (HPMC E5) shown in FIG. 2 can be 

represented well by equation (3) with -^-of 0.082 and 0.055 cm/hr, respectively. Values 

Co 

10 for — for HPMC E3 tablets are 0.069, 0.052, and 0.041 cm/hr for 39%, 20% and 10% 

Co 

by weight drug loading, respectively. The release kinetics from HPMC E3 are dependent 
on drug loading because the erosion of HPMC E3 is enhanced by the faster absorption of 
water with higher drug loading. 

The effect of drug solubility on the drug release from coated, donut-shaped 

15 tablets (HPMC E3 and E5) is shown in FIG. 4. Even though drug solubility decreases 
from greater than 50% (dikiazem HC1) to 1 % (theophylline), drug release profiles from 
coated, donut-shaped tablets of HPMC E5 are essentially superimposable. This suggests 
that even a drug of 1% solubility provides a significantly dissolved state of drug in the 
matrix, resulting in a contribution of drug diffusion to the overall release kinetics. When 

20 drug solubility is 0.5% (nicardipine HC1) or less, a slight time lag at the early stage of 
release is observed followed by a linear release. Thus, the release of nicardipine HC1 
from HPMC E5 is governed largely as a function of the polymer erosion. 

The release of drugs from coated, donut-shaped tablets using HPMC E3 is, 
however, greatly influenced by the solubility of the drugs, especially in the case where 
25 parabolic release profiles are desired. As drug solubility increases, the absorption of 
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water becomes rapid, leading to a faster erosion of HPMC E3. When the perforated, 
coated tablets were fabricated with a water insoluble drug carrier (i.e. ethylcellulose) or a 
water soluble simple excipient (i.e. lactose), the solubility of the drugs greatly influenced 
the drug release from perforated, coated tablets. This is presumed to be a result of 
5 increased water presence inside the matrix with increased drug solubility. 

All of the coated, donut-shaped tablets mentioned above have a 3/16" hole 
diameter. FIG. 5 illustrates the effect of the hole diameter on the release of diltiazem HC1 
from coated, donut-shaped tablets. The smaller hole diameter provides a larger annular 
thickness, resulting in a longer release time. The release profiles from coated, donut- 

10 shaped tablets of HPMC E5 are linear through 85-90% release with no severe tailing 

while parabolic release profiles are maintained for coated, donut-shaped tablets of HPMC 
E3. One can manipulate the total drug release time by controlling the hole size and outer 
diameter of coated, donut-shaped tablets. It is better, however, to use a smaller hole size 
to fabricate coated, donut-shaped tablets because there is an increased possibility of 

15 coating the central hole surface of larger holed tablets when a mass production technology 
(pan and fluidization coating) is used. 

Another factor affecting solubility rates is agitation. Increasing the stirring 
rate influences the erosion of the hydrophilic, water-soluble carrier so that the release rate 
of drugs from the erodible matrices is facilitated. FIG. 6 displays the effect of the stirring 

20 rate on the release of diltiazem HC1 from the coated, donut-shaped tablets (HPMC E3 and 
E5) with a 3/16" hole diameter. As the stirring rate is increased from 50 rpm to 150 rpm, 
the release rate of the drug increases. This suggests that the hydrodynamic condition in 
the central hole significantly influences the erosion of the hydrophilic, water-soluble, 
polymeric carrier and the diffusion of the drug. At a stirring rate of 150 rpm, the drug 

25 release profile from coated, donut-shaped tablets of HPMC E5 (39% by weight drug 
loading) becomes parabolic because the contribution of drug diffusion to the overall 
release kinetics is minimal compared to the erosion of the hydrophilic, water-soluble, 
polymeric carrier. 

Drug release profiles from coated, donut-shaped tablets with a 3/16" hole 
30 size based on other erodible (soluble) carriers were also ascertained. Parabolic release 



WO 99/48481 



PCT/US99/06339 



- 11 - 

profiles for some hydrophilic, water-soluble, polymeric carriers have been observed. One 
can obtain parabolic release kinetics expressed by equation (3) when erosion or 
swelling/erosion controlled matrix systems are used. When 39% by weight drug loaded 
polyethylene oxide of Mw=300,000 is used, the swelling of the polymer, increased relative 
5 to the use of HPMC. As a result, the collapse of the hole (3/16") is encountered at about 
40% release, leading to a prolonged linear release (48 hours). When drug loading was 
increased to 59% by weight in coated, donut-shaped tablets of polyethylene oxide, no 
collapse of the hole was observed because a smaller amount of polyethylene oxide was 
available to swell and fill the central hole. 

10 The release of diltiazem HC1 from coated, donut-shaped tablets of 

polyethylene oxide (Mw= 300,000, 59% by weight drug loading) slightly deviated from 
parabolic release kinetics because the diffusion of the drug plays an increased role in the 
overall release kinetics relative to the case where HPMC was used. When HPMC El 5 
was used, a linear release profile was obtained with 59% by weight drug loading. When a 

15 water insoluble polymer was used as a drug carrier (i.e., ethylcellulose), a non-linear (and 
non-parabolic) release profile was obtained because drug diffusion in the matrix controlled 
the release kinetics. This illustrates that the selection of the erodible hydrophilic water- 
soluble, polymeric carrier will determine the release rate and total release time along with 
the shape of release profile (parabolic and linear) of a coated, donut-shaped tablet. In 

20 general, parabolic release profiles are obtained if kc/Co is larger than 0.038 cm/hr. 

The following table illustrates erosion rate constants of coated, donut- 
shaped tablets according to the present invention. Referring to equation 2, one notices 
that as time changes, the rate of diffusion changes very little. This, again, empirically 
supports the proposition that the rates are nearly zero-order. 

25 Erosion rate constants (kc/Co )of coated donut-shaped tablets 



Polymer 


Drug 


Loadin 
g % 


Hole Size 
(inch) 


Stirring 
Rate (rpm) 


kc/Co 
(cm/hr) 


HPMC E3 


diltiazem 


10 


3/16 


100 


0.041(±1.7 
%) 




diltiazem 


20 


3/16 


100 


0.051(±2.5 
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Polymer 


Drug 


Loadin 

g % 


Hole Size 
(inch) 


Stirring 
Rate (rpm) 


t If* 

kc/Co 
(cm/hr) 












%) 




diltiazem 


39 


3/16 


50 


0.065(±2.1 

%) j 




diltiazem 


39 


3/16 


100 


0.069(±2.7 
%) 




diltiazem 


39 


3/16 


150 


0.111(±5.8 

%) 




diltiazem 


39 


1/8 


100 


0.050(±0.7 
%) 


HPMC E5 


diltiazem 


39 


3.16 


150 


0.054(+2.9 
%) 




diltiazem 


49 


3/16 


100 


0.055(±2.0 
%) 




diltiazem 


59 


3/16 


100 


0.082(+2.2 
%) 


Polyethylene 

Glycol 

MW=8,000 


diltiazem 


39 


3/16 


100 


0.153(±3.4 

at / 

%( 


Polyethylene 
Oxide 
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FIGs. 7 and 8 illustrate fractional release of different drugs, in varying 
fractional amounts, versus time. More particularly, FIG. 7 shows the fractional release of 
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Procardia in HPMC E3 when Procardia is loaded in amounts of 30 mg, 60 mg, and 90 
mg. Also shown is the fractional release over time of TUSP in HPMC E3 when TUSP is 
loaded to 90 mg. One can see that nearly linear release is achieved in these cases for 
release occurring up to 25 hours. 

FIG. 8 is shows the fractional release of Volmax and TUSP loaded in 
HPMC E3 versus time. In FIG. 8, eight (8) mg of Volmax was loaded and 8 mg of 
TUSP was loaded. Here, nearly linear release occurred for about the first 8 hours. 

Although most examples have focused on the use of particular polymers as 
the hydrophilic water-soluble carrier, other polymeric materials may be used. One 
example of such a polymeric, hydrophilic, water-soluble carrier is cyclodextrin, in any of 
its three forms (oc, p, y). One skilled in the art could readily determine other such 
hydrophilic, water-soluble, polymeric carriers. Several cyclodextrin derivatives, for 
example, could be used as the hydrophilic, water soluble, polymeric carrier material. 

Although this invention has been described with reference to specific 
embodiments thereof, it is understood that other embodiments and variations of the 
invention as described and exemplified may be made by those skilled in the art without 
departing from the true spirit of the invention. It is intended that the appended claims be 
construed to include all such embodiments and variations. 
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What is Claimed: 

1 . A tablet for the controlled release of a pharmaceutically active 
ingredient, said tablet comprising: 

a donut-shaped core material with a cylindrical hole extending through the 
center of said core comprising at least one pharmaceutically active ingredient and at least 
one hydrophilic, water-soluble, polymeric carrier; and 

a coating of hydrophobic, water-insoluble material covering all of said core 
except the surface of said core surrounding said cylindrical hole. 

2. The tablet according to claim 1 wherein said hole has a diameter in 
the range of 1/32 to 1/2 inches. 

3. The tablet of claim 1 wherein said coating is ethylcellulose. 

4. The device of claim 1 wherein said hydrophilic, water-soluble, 
polymeric carrier is selected from the group consisting of: hydroxypropylmethylcellulose; 
polyethylene oxide; polyethylene glycol; hydroxypropyl cellulose; hydroxy ethylcellulose; 
cyclodextrin; and cyclodextrin derivatives. 

5. A method of preparing a tablet for the controlled release of a 
pharmaceutically active ingredient, the method comprising: 

blending an active ingredient and a hydrophilic, water soluble polymeric 
carrier to form a mix; compressing said mix; punching a tablet from said mix; 

coating said tablet with a hydrophobic, water-insoluble coating material; 
and drilling a hole in said tablet. 

6. The method according to claim 5 wherein said hole has a diameter 
in the range of 1/32 to 1/2 inches. 

7. The method according to claim 5 wherein said coating is 

ethylcellulose. 

8. The method according to claim 5 wherein said hydrophilic, water- 
soluble, polymeric carrier is selected from the group consisting of: 
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hydroxypropylmethylcellulose; polyethylene oxide; polyethylene glycol; hydroxypropyl 
cellulose; cyclodextrin; and cyclodextrin derivatives. 

9. The method according to claim 5 further comprising: 
drilling a first hole through said tablet before coating said tablet; 
coating said tablet in a hydrophobic, water-insoluble coating material; then 
re-drilling said hole to form a second hole in said tablet having a diameter larger than the 
diameter of said first hole. 

10. The method according to claim 9 wherein said first hole has a 
diameter in the range of 1/32 to 3/8 inches. 

11. The method according to claim 9 wherein said second hole has a 
diameter in the range of 1/32 to 1/2 inches. 

12. The method according to claim 9 wherein said coating is 

ethylcellulose. 

13. The method according to claim 9 wherein said hydrophilic, water- 
soluble, polymeric carrier is selected from the group consisting of: 
hydroxypropylmethylcellulose; polyethylene oxide; polyethylene glycol; hydroxypropyl 
cellulose; cyclodextrin; and cyclodextrin derivatives. 

14. A tablet for the controlled release of a pharmaceutically active 
ingredient, said tablet comprising: 

a core material with a hole extending through the center of said core 
comprising at least one pharmaceutically active ingredient and at least one hydrophilic, 
water-soluble, polymeric carrier; and 

a coating of hydrophobic, water-insoluble material covering all of said core 
except the surface of said core surrounding said hole. 

15. The tablet of claim 14 wherein said coating is ethylcellulose. 

16. The device of claim 14 wherein said hydrophilic, water-soluble, 
polymeric carrier is selected from the group consisting of: hydroxypropylmethylcellulose; 



WO 99/48481 



PCT/US99/06339 



-16- 

polyethylene oxide; polyethylene glycol; hydroxypropyl cellulose; 
hydroxy ethylcellulose; cyclodextrin; and cyclodextrin derivatives. 

17. The tablet according to claim 14 wherein said hydrophilic, water- 
soluble, polymeric carrier is selected from the group consisting of: 
hydroxypropylmethylcellulose; polyethylene oxide; polyethylene glycol; hydroxypropyl 
cellulose; cyclodextrin; and cyclodextrin derivatives. 

18. The tablet according to claim 14 wherein said hole has a diameter in 
the range of 1/32 to 1/2 inches. 
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